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PROCESS FOR TREATING WITH AN 
ATMOSPHERIC PLASMA ELECTRICALLY 
CONDUCTIVE MATERIALS AND A DEVICE 

THEREFOR 

[0001] The present invention is concerned With a process 
for treating With a plasma objects made of electrically 
conductive materials. The invention is concerned, in par 
ticular, With the treatment by an atmospheric plasma of 
objects having the shape of foils or Wires, for example after 
their rolling or drawing. 

[0002] The treatment of a material can include one or 
several of the folloWing operations: 

[0003] Cleaning one or of tWo faces of a foil or of a 
Wire, to remove organic residues and technological 
oils and greases. 

[0004] Deodorising. 
[0005] Disinfecting, sterilising. 
[0006] Activating the surface for improving the adhe 

sive properties or the Wettability. 

[0007] Modifying the surface layer by fusing micro 
cracks, polishing or forming a super?cial alloy. 

[0008] Stripping. 
[0009] Annealing, elimination of internal stresses. 

[0010] Depositing ?lms. 

[0011] It is knoWn hoW to use processes and devices for 
the cleaning of surfaces of rolled foils or of Wires to remove 
therefrom the remains of the greases used in their manufac 
ture. The treatment devices, the most frequently used, are 
diffusion furnaces, gas burners, chemical baths, steam jets, 
devices producing electrical discharges of the barrier type or 
silent discharges and plasma jet devices. 

[0012] The draWbacks of diffusion furnaces, for the clean 
ing of metal foils, Whether they use air or oxygen, is that they 
have high electrical poWer requirements and their action is 
very sloW. Days, if not Weeks, are needed for a completely 
cleaning of the foils that are normally loaded into the furnace 
in the form of rolls. The process consists in heating the roll, 
in making air or oxygen penetrate betWeen the layers of the 
foil in order to oxidise the organic residue and to remove, 
mainly by diffusion, the residual gas from betWeen the layers 
of foil tightly pressed one upon the other in the roll. 

[0013] Accordingly, the productivity and the efficiency of 
such furnaces is loW. The diffusion furnaces are only used 
for the cleaning and the annealing of materials. 

[0014] Linear ?ame burners are little used, oWing to their 
loW efficiency and to the limited variation of the composition 
of the ?ame containing carbonic products. Flame burners are 
generally used only for the cleaning and for the annealing of 
materials. 

[0015] Chemical baths use considerable amounts of 
chemical products, and these products need to be recycled. 
The process has its limitations, due to the high cost of 
recycling and the need to comply With increasingly strict 
ecological standards. 

[0016] Steam jets are used for the cleaning of Wires. This 
cleaning, given its loW efficacy, is used practically only for 
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a preliminary coarse cleaning operation, Which is generally 
folloWed by a chemical cleaning. 

[0017] The use of discharges of the barrier type or of the 
silent type, Which offers the advantage of a uniform treat 
ment of the material, is not suitable for industrial purposes 
oWing to the limited productivity of these processes. 

[0018] The treatment by atmospheric plasma jets is rela 
tively effective, since a highly activated gas carries out this 
treatment and the oxidation is the result of a plasmo 
chemical reaction. Furthermore, the productivity is high, 
oWing to the high poWer density achievable. The plasma jet 
treatment devices are generally simple, inexpensive and 
adaptable. Also, one can carry out a cleaning of a surface, an 
annealing, a stripping or a deposition of a ?lm, the compo 
sition of the plasma gases being adapted to the treatment to 
be carried out. 

[0019] A disadvantage of the processes using plasma jets 
is that it is dif?cult to achieve a uniform treatment over the 
Whole surface of the foil or of the Wire. 

[0020] To remedy this draWback, some authors have tried 
to design devices using linear plasmatron assemblies, to 
create plasma curtains. 

[0021] For example, in the publication WO 97/18 693, a 
plasma generator is described, Which generates a plasma 
having the shape of a curtain, by superposing several jets 
produced from several plasmatrons having tWo noZZles. The 
draWback of this process is that the desirably uniform 
distribution of the parameters, such as the temperature, 
cannot be achieved in most industrial applications of inter 
est. Actually, the ?oW of gas through the plasmatrons and the 
speed distribution do not make it possible to obtain, in all 
cases, the desired uniform distribution of the parameters. 
Even When the temperature is uniform over the Whole length 
of the curtain, this does not necessarily imply that the speed 
and/or the composition of the plasma Will be uniform, and 
this results in a lack of uniformity of the treatment. 

[0022] Furthermore, since the use of this type of linear 
plasma generator for the treatment of metal foils necessitates 
a rapid passage of the foil through the plasma curtain, the 
moving foils drag along an important How of gas or of air. 
This turbulent How of gas interferes With the How of the 
plasma, With the result that the plasma is cooled, looses its 
energy that is in the form of potential energy of its particles 
and becomes turbulent. The ef?ciency of the treatment is 
strongly decreased by the cooling. The turbulence can cause 
deformations of the foil being treated, such as crumpling, 
mainly in the case of thin foils. 

[0023] An object of the present invention is to improve the 
uniformity of the treatment brought about by a plasma 
treatment process, in particular for industrial applications 
involving the treatment of objects having important surface 
areas, in particular foils or items such as Wires, requiring 
very high treatment speeds, and to provide a device for 
carrying out these processes. 

[0024] It Would be desirable to provide a plasma treatment 
process and a device for carrying out this process, Which 
could be used, in particular, for the treatment of foils or of 
Wires of conductive materials, Which Would be reliable, fast 
and inexpensive. 
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[0025] Furthermore, it Would be desirable to provide a 
process and a device for carrying out this process, Which 
could be used for an operation such as cleaning, annealing, 
deposition of ?lms, surface activation, stripping and sterili 
sation, or a combination of such operations. 

[0026] The objectives of the invention are achieved by a 
process according to claim 1 and a device according to claim 
22, for the carrying out of the process. 

[0027] In the present invention, a process for the treatment 
With an atmospheric plasma of an object to be treated, made 
of an electrically conductive material, includes the genera 
tion of plasma jets by plasma generators, the application of 
the plasma jets to a surface to be treated of the object to be 
treated, and the relative displacement of the object to be 
treated With respect to the plasma generators, characterised 
in that, at least one of the plasma jets is a cathodic jet and 
at least one of the plasma jet is an anodic jet, the anodic jet 
being applied to a treatment Zone on said surface to be 
treated in the proXimity of the cathodic jet. The process 
according to the invention can, advantageously, be applied 
to manufactured objects produced by a continuous process 
or having large surfaces, such as metal foils, metal Wires or 
car body parts made from metal sheets. 

[0028] The electrical current for the generation of cathodic 
and anodic plasma jets is divided into three parts, one, I3, 
?oWing through the object to be treated and the tWo others, 
I1, I2 being fed to the anodic and to cathodic plasma jets. 

[0029] Advantageously, the cathodic jet forms an angle 0t 
With the surface to be treated Which is acute and the anodic 
jet forms With the surface to be treated an angle [3 Which is 
greater than the angle 0t formed betWeen the cathodic jet and 
the surface to be treated. In an alternate version, the angle [3 
betWeen the anodic jet and the surface to be treated 
approaches or is substantially equal to 90° and the angle 0t 
formed betWeen the cathodic jet and the surface to be treated 
is betWeen 25° and 60°. 

[0030] Preferably, the poWer of the impulse of the cathodic 
jets is higher than that received by the anodic jets. 

[0031] The process according to the invention makes it 
possible to obtain a good uniformity of the treatment, oWing 
to the fact that a very special motion is ensured for the 
anodic spots along the surface to be treated. The motion of 
the anodic spots makes it possible to decrease the in?uence 
of the boundary layer formed on the treated surface. The 
uniformity of the treatment is improved, on the one hand, by 
the displacement of the anodic spots due to the heating of the 
boundary layer and, on the other hand, to the displacement 
of the spots under the effect of their oWn magnetic ?eld. The 
transverse delocalisatin of the electrical currentenables the 
uniform transversal distribution of the thermal and plasmo 
chemical treatment over the entire treated surface. 

[0032] The use of the cathodic and of the anodic spots in 
the process proper of treating the foil or the Wire by the 
plasma makes it possible to increase the thermal ef?ciency 
of the process. 

[0033] The device for carrying out the process according 
to the invention includes, at least one cathodic plasma jet 
generator and at least one anodic plasma jet generator, 
arranged in such a manner that the anodic jet is applied to a 
treatment Zone of the surface to be treated, in the proximity 
of the cathodic jet. 
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[0034] The electrical circuit of the device for supplying 
the plasma jets includes a loop that is closed by a portion of 
the object to be treated, and a means for varying the 
electrical current I3 ?oWing through the object to be treated. 

[0035] The plasma jets of the plasma generators can be 
inclined at an acute angle y With respect the direction of 
motion of the object to be treated, relative to the plasma 
generator, in order to increase the surface area of application 
of the plasma on the surface to be treated for achieving a 
good uniformity for the transverse treatment. 

[0036] One can also achieve transversally a good unifor 
mity of treatment, by generating an alternating magnetic 
?eld in such a manner that the resulting Ampere forces cause 
a sWeeping oscillation of the plasma jets. The frequency v of 
the oscillat9ions of the magnetic ?eld is preferably equal to 
or higher than the ratio of the relative speed of motion of the 
object to be treated to the diameter of the plasma jets. 

[0037] Advantageously, the treatment device can include 
one or several jets of reactive gas directed onto the plasma 
jets in such a manner as to Widen or to compress the plasma 
jets directed against the object to be treated and, accordingly, 
to improve the uniformity of the treatment. 

[0038] According to one advantageous aspect of the 
invention, acoustic or ultrasonic vibrations are generated on 
the object to be treated during the application of the plasma, 
by an external vibrations generator or by a plasma genera 
tion process creating, for instance, shock Waves or acoustic 
Waves having frequencies close to the resonance frequencies 
of the object to be treated. Shock Waves can be created, by 
generating the plasma With electrical pulses, Wherein the 
duration of the leading edge of the current amplitude of the 
supplied electrical pulses is suf?ciently short for the process 
of increase of the current amplitude to be isochoric. The 
frequency of the supplied electrical pulses is, preferably, 
close or equal to the frequency of the acoustic vibrations. 

[0039] In an embodiment for treating Wires, the cathodic 
and the anodic jets can be arranged to form a funnel along 
the aXis on Which the treated Wire moves. 

[0040] In an embodiment for the treatment of foils, the 
installations for the treatment can be provided upstream of 
the plasma application Zone, With a device for stabilising the 
How of air including baf?es Which can be actuated by a 
mechanism enabling the adjustment of their positions and, 
accordingly, a dosing of the quantity of air separated from 
the foil to be treated. The device can also be provided 
doWnstream of the plasma application Zone, With cooled 
baf?es producing a laminar ?oW. 

[0041] Advantageously, the laminar nature of the How of 
the air dragged by the foil to be treated makes it possible to 
avoid any crumpling of the foil and increases substantially 
the ef?ciency of the plasma treatment. 

[0042] The cathodic and the anodic generators can alter 
nate in the transverse direction of the foil or of the Wire to 
be treated, in such a manner that the aXis of each one of the 
generators of a given polarity is at an equal distance from the 
aXes of the tWo neighbouring generators, both of the oppo 
site polarity. 

[0043] The treatment installation can include tWo identical 
plasma generators, positioned one on each side of the foil of 
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the conductive material, in such a manner as to treat simul 
taneously or in sequence the tWo faces of this foil. 

[0044] Other objectives and the advantageous features of 
the invention Will become apparent from the claims, from 
the following description of embodiments of the invention 
and from the appended drawings, Wherein: 

[0045] FIG. 1 is a simpli?ed perspective vieW of an 
installation for the treatment of foils, including plasma 
treatment devices according to the invention; 

[0046] FIG. 2 is a simpli?ed cross-sectional vieW of an 
installation for the treatment of foils, including plasma 
treatment devices according to the invention; 

[0047] FIG. 3 is a simpli?ed cross-sectional vieW of a 
treatment device using plasma jets according to the inven 
tion 

[0048] FIG. 4a is s front vieW along a direction parallel to 
the plane of the foil to be treated, shoWing the arrangement 
of the electrodes and of the plasma jets; 

[0049] FIG. 4b is a vieW in the direction of the arroW IVb 
of FIG. 4a; 

[0050] FIG. 4c is a vieW in a direction perpendicular to the 
plane of a foil to be treated, shoWing the arrangement of the 
electrodes and of the plasma jets according to an alternate 
version of the embodiment illustrated in FIG. 4b; 

[0051] FIG. 4a' is a vieW taken along the direction of the 
arroW IVd of FIG. 4c; 

[0052] FIG. 46 is a vieW in a direction parallel to the plane 
of a foil to be treated, illustrating the arrangement of the 
electrodes and of the plasma jets, on both sides of the foil, 
according to one embodiment of the invention; 

[0053] FIG. 4f is a vieW taken along a direction parallel to 
the plane of a foil to be treated, shoWing the arrangement of 
the electrodes and of the plasma jets on both sides of the foil, 
according to an alternate version of the embodiment shoWn 
in FIG. 46; 

[0054] FIG. 5 is a vieW of a device for the treatment of 
foils by plasma jets, Without anodes; 

[0055] FIG. 6 is a diagram for illustrating the movement 
of a plasma jet directed against the surface of a foil to be 
treated, according to the invention; 

[0056] FIGS. 7a to 7d are illustrations of the treated foils, 
to Which a Wettability test is applied; 

[0057] FIG. 76 illustrates a treated foil, subjected to a 
purity test after the treatment; 

[0058] FIG. 8a is an SEM (Scanning Electron Micro 
scope) photograph of an aluminium foil, annealed by a 
plasma treatment according to the invention; 

[0059] FIG. 8b is an SEM photograph of the surface of a 
non treated aluminium foil; 

[0060] FIG. 8c is an SEM photograph of a cross-section 
of a stack of aluminium foils treated by the plasma process 
according to the invention; 

[0061] FIG. 9 is a simpli?ed perspective vieW of an 
embodiment of the invention, including a device for gener 
ating a magnetic ?eld; 
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[0062] FIG. 10a is a simpli?ed perspective vieW of an 
installation for the plasma treatment of Wires, according to 
the invention; 

[0063] FIG. 10b is a simpli?ed cross-sectional vieW of a 
plasma treatment installation for the treatment of Wires 
according to FIG. 10a; 

[0064] FIG. 11a illustrates the arrangement of plasma 
generators for the treatment of a metal foil according to a 
version, in Which one part of the treatment gases is directed 
betWeen the plasma jets and another part is directed to a 
doWnstream part of the plasma jets in the treatment Zone, in 
such a manner as to compress the How of plasma directed 
against the surface to be treated and to broaden its trailing 
side; 
[0065] FIG. 11b is a partial vieW in the direction XIb of 
FIG. 11a; 

[0066] FIG. 11c illustrates an arrangement of the plasma 
generators for the treatment of a metal foil according to an 
embodiment of the invention, including external generators 
of acoustic vibrations, in particular ultrasonic; 

[0067] FIG. 12a is a simpli?ed cross-sectional vieW of an 
embodiment of an installation for the treatment of foils, 
including plasma treatment devices, a stabilisation device 
for the air streams, and hydrodynamic bearings, according to 
the invention; 

[0068] FIG. 12b is a partial vieW of a bearing of the 
embodiment according to FIG. 12a; 

[0069] FIG. 13a is a simpli?ed perspective vieW of an 
embodiment of an installation for the treatment of objects 
With a large surface area, such as car body parts made from 
metal sheets, according to the invention; 

[0070] FIG. 13b illustrates the arrangement of the plasma 
generators of the embodiment according to FIG. 13a; and 

[0071] FIG. 13c is a partial cross-sectional vieW of a 
plasma generator of the embodiment according to FIG. 13a. 

[0072] FIGS. 1 and 2 shoW, in a simpli?ed manner, a part 
of an installation for the treatment of foils, for eXample of 
aluminium foils, obtained by a rolling process and provided 
as a roll 3 mounted rotatably in the installation. The foil 2 is 
held taut betWeen the feeder roll 3 and a receiver roll 4, via 
a circuit of guide rollers 5, 7 and of tensioning rollers 6, 
mounted rotatably, some on springs to eXert a precise 
tensioning force on the aluminium foil. Some of the guide 
rollers 5, 7 also function to position the aluminium foil With 
respect to the plasma jet treatment devices 8, 9. The instal 
lations shoWn in FIGS. 1 and 2 include, at least, tWo plasma 
jet treatment devices 8, 9, Which make it possible to treat the 
tWo faces 2a, 2b of the foil 2. The installation can include 
tWo or more series of plasma generators or of treatment 
devices, arranged in succession along one side of the foil, 
each device including at least, one cathodic generator and, at 
least, one anodic generator. 

[0073] As illustrated in FIG. 2, the plasma jet treatment 
devices can be mounted on a moving device 9, Which makes 
possible, for example, the rotation of the treatment device 
about an aXis Which is substantially parallel to the aXis of the 
rollers, thus enabling the plasma jet treatment device, to 
assume different positions With respect to the foil to be 
treated. Position I corresponds to a position suitable for the 
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treatment of the opposite faces of a foil 2‘ (moving along the 
phantom line), Wherein tWo treatment devices 8a, 8b are 
placed one on each side of the foil. Positions II and III 
correspond to different angles for the treatment of a foil 2 on 
the opposite sides of said foil by plasma jet treatment 
devices arranged in the vicinity of tWo guide rollers 5, 7. 
Position IV is a position of disengagement from the foil to 
be treated, for starting the installation, in particular for 
sWitching on the plasma jets. Position V is a position of 
disengagement enabling maintenance and repair Work to be 
carried out on the plasma jet treatment device. 

[0074] The installation can furthermore include devices 10 
for the stabilisation of the air ?oW, Which are arranged 
upstream of the Working positions II, III of the plasma jet 
treatment devices, in the vicinity of the surface of the foil to 
be treated. Preferably, tWo members 10 are placed one on 
each side of the foil to be treated, for the purpose of 
stabilising the How of air dragged along by the motion of the 
foil, in particular, to make this How laminar, so that this How 
of air disturbs only the least possible the stream of the 
plasma jets. Furthermore, the stabilisation members 10 
reduce the movements of the foil caused by turbulence, 
Which prevents any possible crumpling of the foil. The 
stabilisation members 10 are provided as baf?es, of Which 
the position With respect to the foil can be adjusted, in such 
a manner as to increase or decrease the How of air dragged 
along by the foil. This also makes it possible to adjust the 
plasma treatment by supplying the same With more or less 
air. One can also position other stabilisation members 10‘ 
doWnstream of the plasma jet treatment devices or in other 
positions along the foil, to make the How of air laminar in 
order to prevent any crumpling of the foil. 

[0075] Referring to FIG. 3, the plasma jet treatment 
device 8 includes plasma jet generators 11 provided With 
electrodes connected to an electrical circuit 12 including a 
source of electrical energy 13 for plasma generation. The 
generators 11 are connected electrically via ballast resistors 
24, 25 to the foil to be treated, for example via a contact 14 
on the guide roller 5, 7. The foil 2 to be treated is conductive 
and is part of a loop of the electrical circuit including the 
plasma jets 15. The electrical current, ?oWing through the 
object to be treated, can be varied by means of the resistor 
24 and it can even be cancelled. 

[0076] In this embodiment, there are tWo series of plasma 
jet generators 11a, 11b of opposite polarities, namely a series 
of anodic plasma jet generators 11b and a series of cathodic 
plasma jet generators 11a. The plasma jet generators of each 
of the series 11a, 11b are arranged substantially along a line, 
While being juxtaposed. The plasma jet generators of one 
series are, preferably, offset in such a manner as to form a 
staggered arrangement With the generators of the other 
series, as illustrated in FIGS. 4a and 4b. 

[0077] Each plasma jet generator includes an electrode 16 
mounted inside a body 17 and a channel 18 formed in the 
body 17, to canalise the plasma jet. The channel is connected 
to in?oW channels 19, 20 for the treatment gas. In this 
example, tWo in?oW channels for the treatment gas are 
shoWn, but other in?oW channels for the treatment gas, 
opening into the plasma jet channel 18, can also be provided. 
A ?rst in?oW channel 19 is situated approximately at the 
level of the electrode and a second in?oW channel 20 is 
situated doWnstream of the ?rst one. 
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[0078] The body 17 can be provided With a cooling circuit 
(not illustrated), in Which Would circulate a coolant for 
cooling the plasma generators. 
[0079] The treatment gas, injected into the ?rst in?oW 
channel 19, is preferably a gas Which is inert, such as argon 
(Ar) Which, on the one hand, makes it possible to surround 
and protect the electrodes 16 against oxidation and, on the 
other hand, facilitates the plasma generation. The other 
doWnstream channels 20 can be used for injecting a stream 
of additional gas, such as air, argon, oxygen, nitrogen, 
helium, carbon dioxide, natural gas, organo-metallic 
vapours, or a mixture of several thereof, depending on the 
treatment Which is to be carried out on the foil 2. The 
additional gas of the ?rst series of plasma jet generators 11a 
can be different from the additional gas injected into the 
second series of plasma jet generators 11b. 

[0080] A series of plasma generators 11a is arranged in 
such a manner as to produce plasma jets 15a oriented 
approximately along a direction forming an acute angle 0t 
With the plane of, or the tangent to a Zone 21 of the foil 2, 
momentarily in contact With the plasma jet 15a, the jet being 
advantageously oriented in the direction opposite to the 
motion of the foil. This arrangement of the plasma jet 
generators according to the invention, also illustrated in the 
embodiment of FIG. 5, makes it possible, advantageously, 
to improve the uniformity of the treatment of the foil or of 
the surface to be treated of other objects having a large 
surface area, for example plates or cylinders. 

[0081] In the embodiment shoWn in FIG. 3, a second 
series of electrodes 11b is arranged so that the angle [3 
betWeen the plasma jet 15b exiting from this generator and 
the plane of, or the tangent to the surface of the contact Zone 
21 is greater than the acute angle 0t of the ?rst series of jets 
15a. The angle [3 of the second series of jets With respect to 
the surface to be treated is, advantageously, close to 90°. 
Preferably, the electrodes of the ?rst series of generators are 
cathodes and the electrodes of the second series of genera 
tors 11b are anodes. Advantageously, the How of gas from 
the generators is selected in such a manner that the plasma 
jet pulses 15a from the ?rst series of generators exceed the 
plasma jets pulses 15b of the second series of generators 
11b. 

[0082] The anodic plasma jets 15b, in contact With the 
surface to be treated, form anodic spots 22, Which release the 
organic products Which cover the surface to be treated, after 
their loosening and their plasmo-chemical oxidation. These 
plasmo-chemical reactions produce residual gases, such as 
CO2, Which can be evacuated by a suction duct 23 arranged 
above the transient treatment Zone 21. The How of the 
current I3 betWeen the cathodic plasma jet 15a and the 
surface to be treated through the formation of an anodic spot 
22 intensi?es the heating process of the material and the 
plasmo-chemical destruction of the products located in the 
limit layer. The residual remnants are burned in the anodic 
plasma jet 15b, in Which the composition of the treatment 
gas and, accordingly, of the plasma, is selected according to 
the nature of the residues. In particular, the treatment gas can 
be air or oxygen, so that the plasma may destroy the organic 
residues and the hydrocarbons through their oxidation. 
[0083] One can clean the oxidised surface through the 
introduction of an additional reducing gas, such as H2, to the 
cathodic plasma jet 15a, taking advantage of the fact that the 
same comes in a more intimate contact With the surface to 

be treated than the anodic plasma jet 15b. 
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[0084] The uniformity of the treatment is guaranteed by 
the arrangement of the anodic and of the cathodic plasma jet 
generators according to the present invention. 

[0085] Since the angle 0t betWeen the surface of the foil or 
of the object to be treated and the cathodic plasma jet is 
acute, the currents I1 and I3 circulating, respectively, in the 
plasma and the foil, have directions that are opposite, Which 
causes a repulsion therebetWeen. Consequently and as illus 
trated in FIG. 6, the plasma jets 15a and, accordingly, the 
anodic spots 22, move from the position A (point of time '51) 
to position B (point of time '52) and subsequently to C (point 
of time '53). This process continues until When the difference 
of potential becomes higher than the short-circuit voltage 
betWeen points A and D. This process is repeated after the 
short-circuit. In this manner, there is a continuous and a 
rapid to-and-fro movement of the anodic spot along the 
surface to be treated. The speed of this movement in the 
direction of motion of the surface to be treated (hereafter, the 
<<longitudinal>>direction) is substantially higher than the 
speed of motion of the surface to be treated. This guarantees 
the longitudinal uniformity of the treatment and the absence 
of damage by excessive local heating. 

[0086] A good uniformity of the treatment in the direction 
transverse, With respect to the longitudinal direction, i.e. 
along the plasma front, is achieved by alternating the anodic 
and the cathodic plasma generators, as illustrated in FIGS. 
4a and 4b. The result of such a disposition is that each 
plasma generator is connected electrically With tWo genera 
tors of opposed polarity. The electrical current flows sub 
stantially uniformly along the surface to be treated, in the 
transverse direction With respect to its motion, Which guar 
antees the uniformity of the treatment. 

[0087] When a cleaning of the surface is not necessary or 
When only a thermal treatment is needed, for eXample an 
annealing, a fusion of the micro-cracks or a surface polish 
ing, cathodic plasma generators are preferably used, as 
shoWn in FIG. 5. 

[0088] The treatment of the tWo faces of the foil of 
material can be carried out by means of at least tWo series 
of plasma generators placed each one on one side of the foil, 
as shoWn in FIG. 1 or in FIG. 2 and in FIGS. 4a' to 4]”. 

[0089] The plasma generators 11 of each side of the foil 2 
to be treated can be placed either facing each other as shoWn 
in FIG. 4d, or offset as shoWn in FIGS. 46 and 4f. In those 
versions in Which the plasma generators 11 are offset, the 
intermediate Zones 26 betWeen tWo generators, on the same 
side of the foil, are, advantageously, heated by the plasma 
jets 15 of the other side of the foil and conversely, Which 
improves the treatment. 

[0090] In the version of FIGS. 4c and 4d, the aXes of the 
cathodic generators slant at an angle y With respect to the 
direction of motion v of the foil to be treated, in such a 
manner as to increase the surface of application of the 
plasma jets on the surface to be treated, i.e. to increase the 
treatment Zone, Which improves the uniformity of the treat 
ment. In practice, the angle y can vary betWeen 30° and 60° 
but is, advantageously, of 45°. 

[0091] The deposition of ?lms can be achieved by adding 
gases or vapours of reactive products, for eXample, a gas 
eous mixture containing organo-metallic vapours to the 
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additional gas Q1, Q2 or directly into the contact Zone 21 of 
the plasma With the surface to be treated. 

[0092] Further, the invention makes it possible to carry out 
other operations, such as polishing, elimination of super? 
cial cracks and stripping of thin electrically conductive foils. 

[0093] Depending on the parameters of the conductive foil 
to be treated, such as its speed and its thickness and 
depending on the requirements of the treatment (for 
instance, cleaning or degreasing Without annealing, degreas 
ing With annealing, annealing of different intensities), the 
treatment can be applied to the tWo faces of the foil 
simultaneously or in sequence or, further, on each one of the 
faces upon their contact With a cooled support, for eXample 
a metal roller. These embodiments are illustrated in FIG. 2, 
Which shoWs an eXample of a device enabling the different 
treatments mentioned above, oWing to a rotational mecha 
nism Which makes it possible to set the plasma jet treatment 
device in different positions (I, II, III) With respect to the 
metal foil to be treated. This mechanism also has tWo 
positions, respectively IV and V, for starting the plasma 
generator and for alloWing maintenance and repair Work, 
When needed. Depending on the different modes of treat 
ment, different Winding up systems are provided. 

[0094] Referring to FIG. 11a, a better efficiency for the 
treatment can be achieved When the additional gases Q are 
supplied by conduits 27 along a direction Which is close to 
the bisectriX of the angle formed by the cathodic jets 15a and 
the anodic jets 15b. 

[0095] In order to achieve a good uniformity for the 
treatment, one could, advantageously, introduce the addi 
tional gases immediately upstream of the impact of the 
plasma jets 15a, 15b on the foil to be treated, through 
conduits 28. The gases projected on the foil to be treated 
enrich the same With reactive particles and further, they 
force the plasma to spread in such a manner as to cover a 
treatment Zone 21 Which is broader than the Zones directly 
sprayed by the plasma jets, as illustrated in FIGS. 11a and 
11b. 

[0096] In another embodiment of the present invention, 
Which is shoWn in FIG. 11c and Which is aimed at achieving 
an increased efficiency of the interaction betWeen the plasma 
and the surface to be treated, the same is vibrated by one or 
several generators 29, 30 of acoustic vibrations, arranged 
upstream and/or doWnstream of the treatment Zone. The 
frequencies are advantageously in the ultrasound domain. 
The effect of the vibrations is to increase the interaction 
betWeen the surface to be treated and the plasma, in a 
manner similar to an increase in temperature, oWing to the 
increase in the kinetic energy of the atoms of the surface to 
be treated. Further, the vibrations of the surface to be treated 
improve the plasmo-chemical reactions betWeen the addi 
tional gas of the plasma and the surface to be treated, by 
improving the evacuation and the replacement of the gas 
present on the surface to be treated. 

[0097] The acoustic vibrations can also be generated by 
the plasma itself, by supplying the plasma arc With a pulsed 
current, either unipolar or alternating. The duration of the 
leading edge of the pulses is selected in such a manner that 
the plasma develops ?rst in an isochoric manner so as to 
produce, at each pulse, a shock Wave, Which Will transmit its 












